Abstract: Evaluation of the respiratory burst induced by receptors Fc R and CR was carried out in peripheral blood neutrophils (PBN) in rheumatoid arthritis (RA) patients with active and inactive disease. Simultaneously, cooperation between these receptors and their expression, PBN chemotaxis, and complement system systemic activity were also investigated. Neutrophils were stimulated with IC-IgG opsonized with normal human serum (NHS) or not, or with IC-IgG opsonized with RA human serum (RAHS). ROS production was increased in neutrophils of patients with active or inactive RA stimulated of IC-IgG opsonized with NHS compared to the response of the cells mediated by ICIgG. However, there was poor Fc R/CR cooperation in these RA neutrophils, as indicated by decreased ROS production upon stimulation with IC-IgG opsonized with RAHS. In the case of active RA patients, neutrophils presented significantly higher CR1 and CR3 expression, as well as slight elevation in CD32 and CD16 expression. Positive correlations between Fc R and CR, complement alternative pathway activation, and increased RA serum chemotaxic activity were only detected in active RA patients. Taken together, these results indicate that several abnormalities of the complement system exist at the systemic level, namely impaired membrane receptor cooperation, alternative pathway activation, and presence of pre-existing chemoattractant factors in the serum, as reflected by the neutrophil function in the particular case of active RA patients. All, these abnormalities may synergistically contribute to RA pathogenesis.
INTRODUCTION
Rheumatoid arthritis (RA) is a chronic immune inflammatory disease characterized by synovial hyperplasia, joint destruction, and extra-articular manifestations, which have significant impact on both morbidity and mortality. Although the etiopathology of this condition is not fully understood, it is known that neutrophils are proeminent participants in the joint inflammation detected in RA patients [1, 2] . Neutrophils migrate to the synovial fluid (SF), where they phagocyte immune complexes and release proteolytic enzymes and induce respiratory burst [3] . As a consequence, highly reactive oxygen species (ROS) such as superoxide (O -2 ), hydrogen peroxide, and hypochlorous acid are produced [4, 5] . ROS production by RA patients' neutrophils in the SF and tissues causes oxidative damage to hyaluronic acid [4] and low-density lipid proteins [6] , which culminates *Address correspondence to this author at the Departamento de Física e Química, Faculdade de Ciências Farmacêuticas de Ribeirão Preto da Universidade de São Paulo. Av. Café s/n., Ribeirão Preto -SP, CEP 14040-903, Brazil; Tel: 55-16-36024434; Fax: 55-16-36024880; E-mail: yaluva@usp.br in cartilage, extracellular collagen, and DNA damage [7] . Some investigators have suggested that PBN, as well as neutrophils from RA patients' SF are activated. Elevated numbers of low-density neutrophils have been found in RA patients' venous blood [8] . Ultrastructural examination of neutrophils purified from RA patients' blood has revealed that these cells are more often polarized (non-spherical) compared to neutrophils derived from normal subjects [9] . These changes are similar to those experienced by normal neutrophils activated by exposure to bacteria, chemoattractants, or complexes containing rheumatoid factors, suggesting that they reflect cell activation [10, 11] .
ROS generation modulates adhesion molecules and neutrophil receptors expression [12] . Neutrophil oxidative burst is initiated by interaction of cell-surface complement (CR) and immunoglobulin G (Fc R) receptors with immune complexes (ICs) [13] . The major CR1 (CD35) ligands are C3b, C4b [14] , and C3bi, with lower affinity [15] , whereas C3bi is the main CR3 (CD11b/CD18) ligand [16] . Both CR1 and CR3 are implicated in the phagocytosis of complementopsonized particles [17] . C3b and its degradation product C3bi interact with complement receptors and activate im-mune complex phagocytosis by CR1 and CR3, normally present in SF neutrophils [12] . As for Fc R, three classes of ligands have been described for this leukocyte: Fc RI (CD64), which binds to monomeric IgG with high affinity and is expressed after IFN-activation [18] ; Fc RII (CD32), which has a pivotal role in IgG-induced activation and neutrophil phagocytosis [19] ; and Fc RIII (CD16), which is present in neutrophils involved in immune complexes binding and is thus important for cell adhesion [20] .
CR1 and CD32 localized in neutrophils promote IC adherence, thereby increasing phagocytosis [21] . CR1/CD32 interaction with IC increases oxidative burst and neutrophil degranulation compared to IC interaction with each receptor alone, giving evidence of a synergistic cooperation [22] . Inherited or acquired defects concerning the interaction between CR1 and CD32 may contribute to tissue injury [23] .
The complement system has a pivotal role in the pathogenesis of various human IC-mediated disorders, including systemic lupus erythematosus, vasculitis, glomerulonephritis, and RA [24] . However, the role played by the complement system in RA is less well understood. Certain complement system components are deposited in RA patients' synovial tissues. These components levels in RA patients' SF are often depressed, which reflects their consumption, while complement components cleavage fragments levels are commonly elevated [25] . Total hemolytic complement, C3, and C4 levels are reduced in RA patients' SF as compared to total protein level [26] .
Considering the major role played by neutrophils in RA pathogenesis as well as the scarcity of data regarding complement system participation at the systemic level, we have designed a study in order to simultaneously evaluate the function (respiratory burst and chemotaxis) and membrane receptors (Fc RIIa, Fc RIIIb, CR1 and CR3) of PBN as well as the complement system serum activity (classic and alternative pathway) in RA patients stratified according to disease activity.
PATIENTS AND METHODS

Subjects
Twenty-seven female RA patients (11 with active disease and 16 with inactive disease), aged 25 to 50 years (median = 45 years), followed at the University Hospital of Faculdade de Medicina de Ribeirão Preto, University of São Paulo, Brazil, were included in the present study. All the patients fulfilled the classification criteria of the American College of Rheumatology [27] . As for disease activity, active RA patients had a median Disease Activity Score (DAS) 28 of 5.01, whereas inactive patients presented a median DAS 28 of 2.1. All the patients were taking methotrexate (10-15 mg/week) and prednisone (5-10 mg/day). Blood was collected from active RA patients before any introduction of additional drugs. Twenty-seven age-matched healthy women presenting no personal or family history of RA were also studied. The local Research Ethics Committee approved the study protocol (10097/2002), and a written informed consent for participation in the study was signed by all the participants.
Neutrophil Isolation
Human peripheral blood was collected from the healthy volunteers and RA patients using Alsever solution (pH 6.1).
Polymorphonuclear (PMN) neutrophils were isolated in a gelatin gradient as previously described [28] . This procedure allowed for recovery of up to 95% of PMN cells. All reagents and glassware were lipopolysaccharide-free when tested with E-TOXATE1 (Sigma, Saint Louis, MO, USA).
ROS Production (oxidative Burst) by Neutrophils
Immune Complex (IC)
Anti-ovalbumin (OVA) IgG was prepared from the serum of rabbits that had been hyperimmunized with ovalbumin (OVA; Sigma, product no. A -5503) as previously described [29, 30] .
The total IgG fraction was purified by ion exchange chromatography on a diethylaminoethyl (DEAE) column. Fractions were tested for IgG purity by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) [31] and immunoelectrophoresis.
ICs formed at equivalence were prepared from mixtures of rabbit anti-OVA IgG and OVA by incubation at 37°C for 1 h, followed by incubation at 4°C overnight. After centrifugation at 12,000xg, the precipitates were washed and resuspended in 0.15 M NaCl. These ICs were used in the assay systems as suspensions, having been gently homogenized by inversion immediately before use. It is noteworthy that an IC formed by an antibody produced in rabbits is efficient stimulus for human neutrophils activation, as reported in the literature [22, [32] [33] [34] .
ICs Opsonization
Pooled normal human serum (NHS), control normal serum (CHS), and RA serum (RAHS) were obtained from blood samples collected in the absence of anticoagulant and were used as the complement source. ICs were incubated at 37 o C with NHS (IC-NHS) or RAHS (IC-RAHS) diluted 1:2 in veronal-buffered saline containing 0.25 mM CaCl 2 and 0.83 mM MgCl 2 , pH 7.2. After incubation for 30 min, cold PBS (phosphate buffered saline), pH 7.4, was added to the mixtures, which were then centrifuged at 4°C for 10 min. The pellets containing IC were washed once with PBS, pH 7.4, and resuspended in Hanks' balanced salt solution (HBSS), pH 7.2. Therefore, at the end of this preparation the following ICs were achieved: IC (IgG-IC: IC alone or in the absence of serum for opsonization), NHS-IC (IC opsonized with pooled normal human serum), and RAHS-IC (IC opsonized with RA human serum), which were employed in the chemoluminescence (CL) assays for neutrophils stimulation.
Oxidative burst was evaluated using two different methods. In one of them, neutrophils were incubated with IC alone, to assess the cell response mediated by Fc receptors. For the second method, neutrophils were incubated with NHS-IC or RAHS-IC, to evaluate the cell response mediated by Fc and complement receptors, and the cooperation between these two receptors was estimated. The CL assay for ROS detection was performed as previously described [35] . Briefly, neutrophils diluted at 1x10 6 cells/ mL in HBSS/0.1% gelatin, pH 7.2, were mixed with 80 g of the different ICs (IC, NHS-IC, or RAHS-IC) in the presence of 10 -4 M luminol (Sigma). The reaction was monitored with a luminometer (Autolumat LB953, EG&G Berthold, Hannover, Germany) at 37°C, for 10 min and recorded in millivolts (mV). Neutro-phils incubated with luminol and HBSS in the absence of IC were utilized as controls. The results are expressed as the area under the curve of the CL profile and recorded as cpm/minute as a function of time.
Neutrophil Fc R and CR Expression
Fc R and CR expression was detected by flow cytometry using the following antibodies: (a) fluorescein isothiocyanate (FITC)-conjugated mouse monoclonal-anti-human Fc RII/ CD32 (555448; clone FLI 8.26; IgG2b,k), non-specific isotype control (555742; clone 27-35; IgG2b,k), anti-CR1/CD35 (555452; clone E11; IgG1,k); and (b) phycoerythrin (PE)-conjugated mouse monoclonal-anti-human Fc RIII/CD16 (555407; clone 3G8; IgG1,k), non-specific isotype control (555749; clone MOCPC-21; IgG1,k), and anti-human CR3/CD11b/Mac-1 (555388; clone ICRF 44; IgG1,k). All antibodies were acquired from BD PharMingen (San Diego, CA, USA). An FITC-mouse IgG1, k/PE-mouse IgG1,k (Simultest control 349526, Becton Dickinson; San Jose, CA, USA) was also used as a non-specific control. Venous blood (100 mL) treated with EDTA was incubated at room temperature, in the dark, for 20 min, using saturating concentrations of labeled antibodies for Fc RII, Fc RIII, CR1, and CR3 and control antibodies for IgG1,k and IgG2b,k. Erythrocytes were hemolyzed by addition of 2 mL Facslysing solution (Becton Dickinson). After 10 min at room temperature, cells were centrifuged and washed once with 2 mL cold PBS/2% fetal calf serum (FCS)/ 0.1% sodium azide, pH 7.4. The cells were resuspended in 500 L PBS/1% formaldehyde, pH 7.4, for flow cytometry, using an FACSort, fluorescence-activated cell sorter; (Becton Dickinson). A 488-nm excitation source and standard fluorescein filters were employed for FITC-and PE-fluorescence measurements. Neutrophils were identified using a forward and right-angle light scatter. The relative number of positive neutrophils and the median channel fluorescence intensity (MCFI) for each antibody were measured as an indication of receptor density. The fluorescence histograms were obtained on a logarithmic scale. Isotype control antibodies were used to set background levels.
Hemolytic Complement Activity
Alternative Pathway
The method of Polhill et al. (1978) [36] was employed. Briefly, fresh rabbit blood was filtered through cotton, mixed with the same volume of TEA/EDTA buffer (TEA: Triethanolamine -0.02 M buffer containing 0.005 M azide, pH 7.2), (TEA/EDTA: TEA containing 0.01 M ethylenediamine tetraacetic acid), and incubated for 15 min at 37°C. The suspension was then centrifuged, red cells were washed three times in TEA/Mg ++ buffer (TEA containing 0,002 M magnesium), resuspended in Alsever's modified solution, and stored at 4°C. Prior to use in hemolytic assays, cells were washed three times in TEA/EGTA/Mg ++ buffer and then resuspended at a standard concentration (monitored at 700 nm as described above). The lytic activity was determined by mixing a rabbit cell suspension and serum diluted in TEA/EGTA/Mg ++ .
Determination of Fragment Bb and C5a by ELISA
Fragment Bb and C5a were quantified by an enzymelinked immunosorbent assay, as described in detail in MicroVue Complement BbPlus and Complement C5a EIA Kit -QUIDEL , respectively.
Neutrophil Chemotaxis Assay
Patients' and control sera chemotactic activity were evaluated in vitro by modification of the technique described by Boyden [37] , using acrylic migration chambers.
Zymosan (Zy), a polysaccharide responsible for cell activation, was employed for chemotactic fragments generation. To this end, 50mg Zy were heated in a water bath for 30 minutes. Next, Zy was transferred to a Falcon tube and centrifuged at 2,000rpm for 5 minutes. The supernatant was discarded, and 5mL CFD (complement fixation diluents)/gel buffer (10 mg/mL) were added to the tube, which was then stored in a refrigerator.
On the day of the experiment, 75μL Zy were transferred to a test tube (positive tube). This tube was centrifuged, and the supernatant was discarded. Then, 120μL serum (RA patient or control) and 100μL CFD/gel were added. In another test tube (negative tube), only 120μL serum and 100μL CFD/gel were added. Both tubes were incubated at 37°C for 40 minutes, followed by centrifugation at 2,000rpm for 5 minutes, and the supernatant was transferred to other test tubes. These test tubes were then incubated at 56°C for 30 minutes, for residual CS (complement system) inactivation. After this period, the sera were diluted in Hanks/gel (1:5 dilution) and applied to Boyden chambers for chemotactic activity evaluation.
In the chemotactic assay, the lower chamber compartment was filled with 0.2 mL diluted and appropriately inactivated serum collected from RA patients or control. The compartment was then covered with filters with diameter and pores size of 13 mm and 3 μm, respectively (SSWP 01300, Millipore Corp., Bedford,USA). The upper well was filled with 0.3mL neutrophils suspension containing 2.0 x 10 6 cells/mL, and the chambers were then incubated at 37°C for 30 minutes, in humidified atmosphere. After the incubation period the filters were removed, fixed in 2-propanol, stained with Harris hematoxylin, dehydrated in 2-propanol, bleached with xylene, and mounted between slides and coverslips with the aid of Entellan (Merck). Neutrophils migration was determined by means of the leading front technique [38] , by measuring the largest distance, in micrometers, crossed by three cells per field using a 100x objective. At least 10 fields were examined per filter. The obtained data were plotted in a graph using the software Graphpad Prism version 3.00 for Windows.
Statistical Analysis
The non-parametric Mann-Whitney (for two groups), Wilcoxon (matched pairs), and Kruskal-Wallis (for three groups) tests were employed. Dunn's multiple comparisons test was used when differences were detected by the Kruskal-Wallis test. Correlations were determined using the Spearman rank correlation coefficient. P values <0.05 were considered significant. Dunnett's multiple comparison test and Tukey's multiple comparison test were utilized.
RESULTS
ROS Production
ROS production stimulated by different ICs (IC alone, NHS-IC, and RAHS-IC) in RA patients and controls is shown in Figs. (1A-C) . Comparison of the oxidative burst mediated by Fc R (IC alone) in patients and controls did not reveal significant differences. Compared to the oxidative burst mediated by Fc R alone, ROS production mediated by Fc R and CR resulted in increased responses in patients with active or inactive RA as well as in controls (p< 0.05 for each comparison) when neutrophils were incubated with NHS-IC. When the cells were stimulated with ICs opsonized with their own serum or autologous serum, only neutrophils from healthy volunteers (control) had significantly enhanced ROS production (Fig. 1C-CHS-IC) . Fig. (1) . ROS production by neutrophils stimulated with immune complex-IC: IgG-IC (IC alone in the absence of serum for opsonization), NHS-IC (IC opsonized with pooled normal human serum), RAHS-IC (IC opsonized with rheumatoid arthritis human serum), and CHS-IC (IC opsonized with healthy control human serum). Panel A -active RA patients, B -inactive RA patients, and Chealthy controls. ROS production was measured by chemiluminescence (CL) assay, and the results are presented as medians of area under CL profiles in cpm.
Neutrophil Fc R and CR Expression
Fc Rs (Fc RIIa/CD32 and Fc RIIIb/CD16), CR1 (CD35), and CR3 (CD11b/CD18) expression in the RA patients' and control neutrophils is presented in Figs. (2A-D) . Compared to the control, Fc RIIa (CD32) and Fc RIIIb (CD16) expression in active and inactive RA patients' neutrophils was not statistically different ( Figs. 2A and 2B) . However, CD32 expression in active RA patients was higher compared to healthy controls and inactive RA patients. As for CR1 expression, it was increased in active RA patients' neutrophils compared to controls (Fig. 2C -P<0.05 ), whereas no difference was observed in the case of inactive RA patients. CR3 expression was significantly increased in active RA patients compared to inactive RA patients (Fig.  2D -P<0.05) . Comparison between RA patients and controls did not reveal any significant difference.
Correlations between Fc Rs and CRs
Several correlations were determined regarding Fc Rs and CRs expression on polymorphonuclear cells surface. Overall, Fc Rs expression correlated positively with CRs expression in RA patients and controls (Figs. 3A-D) .
Hemolytic Complement Activity
The alternative complement pathway activity in active RA patients was significantly increased in relation to controls (p= 0.0183) (Fig. 4) . This effect was not observed in inactive RA patients of alternative pathway (data not show) and on the classical complement pathway activity (data not show). There was a statistically significant rise (p<0.01) in Bb concentration in active RA patients' serum compared to healthy controls.
Fragment Bb Concentration
Neutrophils Chemotaxis
Neutrophils obtained from healthy individuals exhibited increased migration after serum activation with zymosan (p< 0.05). After serum inactivation by heat, neutrophil migration returned to basal levels. On the other hand, when healthy individuals' neutrophils were incubated with active RA patients' serum (activated or not by zymosan), migration levels increased in a closely similar way (p>0.05 for each comparison). After serum inactivation by heat, neutrophil migration decreased, but it did not return to basal values. Fig. (6) shows some of these results.
C5a Concentration
In order to investigate the complement system systemic activation, C5a concentration in RA patients' and healthy controls' serum was evaluated (Fig. 7) . There was a significant rise in serum C5a levels in the case of RA patients, which were statistically higher than those measured in healthy subjects (p<0.05).
DISCUSSION
The role played by the complement system in RA remains controversial. Many studies have reported increased activity for this complement system in the SF, particularly with respect to the alternative pathway [39] [40] [41] [42] ; however, very few studies on complement system alterations at the systemic level have been reported. In the present investigation, we have simultaneously evaluated PBN function (respiratory burst and chemotaxis) and membrane receptors (Fc RIIa, Fc RIIIb, CR1, and CR3) and the complement systemic activity (classic and alternative pathway) in RA patients stratified according to disease activity.
The difference between RA patients and controls concerning neutrophil respiratory burst as evaluated by ROS production after IC phagocytosis was not statistically significant (Figs. 1A, B , C -neutrophils stimulated with IgG-IC). However, results analysis showed increased IgG-ICstimulated neutrophils oxidative metabolism in the case of active RA patients (Fig. 1A) . Bearing in mind that this effect was not detected for inactive RA patients or healthy controls (Figs. 1B and 1C) , it can be suggested that these cells are activated in active RA patients (neutrophils stimulated with IgG-IC: median for active RA patients = 1.51X10 9 ; median for inactive RA patients = 0.8x10 9 , median for controls = 1.1x10 9 ). 
C5a (ng/mL)
In addition, incubation of RA patients' or control neutrophils with NHS-IC significantly increased ROS production. These results indicate that the NHS complement was activated, providing more complement activation ligands and better cooperation between complement and Fc receptors, thereby facilitating IC phagocytosis and increasing ROS production (Figs. 1A-C -IC versus NHS-IC) . When neutrophils were stimulated with autologous sera, healthy neutrophils increased the oxidative burst, whereas RA neutrophils obtained from active or inactive RA patients did not undergo any changes. Taken together, these findings give an indication that RA neutrophils active and inactive RA patients respond to the complement exogenous source (NHS-IC); however, there is poor FcR/CR cooperation, as evidenced by RA neutrophils incubation with autologous sera. Moreover, these results hint that FcRs and CRs expression alteration; complement regulatory system alteration, or complement systemic activation occurs.
The complement system is increasingly recognized as being causally involved in tissue injury in ischemic, inflammatory, and autoimmune diseases [43, 44] . Immune complexes activate the complement, become opsonized by early complement components, and are finally taken up by phagocytes carrying CRs and FcRs [45] . Increased SF neutrophil complement (CR1, CR2, and CR3) and Fc R [13, [46] [47] [48] have been reported in RA patients; however, information regarding CRs and FcRs expression in PBN is scarce. In the present study it was possible to observe that CR1 and CR3 neutrophil expression was increased in active RA patients (Figs. 2C and 2D) . Furthermore, although the Fc RIIa and Fc RIIIb expression observed in RA patients was not significantly different from that measured in controls ( Fig. 2A and  2B ), significant positive correlations between CRs and Fc R were only observed for active RA patients (Figs. 3A-D) , indicating that PBN are also activated in these patients.
Apart from cooperating with FcR, CRs may also function as complement regulatory proteins, particularly CR1, which is an important regulator of the classical and alternative complement pathways [49, 50] . CR1 exerts a decayaccelerating activity for C3/C5 convertase [51] , being a cofactor for the serine protease factor I, which in turn mediates C3b and C4b degradation. Although the complement system regulatory components were not evaluated here, some of our results indicate that CR1 may have a regulatory role in RA patients. Considering that ROS production by RA neutrophils mediated by FcR and CR (RAHS-IC) did not increase as much as that mediated by FcR (IC) only (Fig. 1A) , and taking into account the fact that CR1 was significantly elevated in RA neutrophils, particularly in the case of the active disease, one may hypothesize that higher CR1 levels in PBN may regulate the cell response before reaching the synovia.
Despite the several studies describing complement system activation at the synovial level, particularly of the alternative pathway, few studies have evaluated the activity of both the classical and alternative pathways in RA patients stratified according to disease activity. We evaluated the classical pathway hemolytic activity and observed in the RA patients included in this study did not differ from that of the controls (data not show). However, activation of the alternative pathway was detected in active RA patients' serum (Fig.   4) . No differences were detected between patients with inactive disease and controls (data not show).
In order to assess the contribution of the alternative pathway, Bb concentration, a product of alternative pathway activation, was measured in serum samples taken from RA patients and controls. There was significant increase in Bb levels in the case of active RA patients' serum compared to healthy controls (Fig. 5) , corroborating the complement activation previously detected in the hemolytic assay. In inactive RA patients, detection of low Bb concentrations as compared to healthy controls suggests the action of drugs such as immunosuppressors, immunomodulators, and anti-inflammatory agents which were employed for RA treatment in these patients [42] [43] [44] .
Banda et al. [41] have demonstrated that factor B and the alternative complement pathway play an essential role in the development of joint inflammation and damage in the anti-CII mAb-passive transfer arthritis model. Inflammatory joint disease in K/BxN mice improves in factor B -/-but not in C4 -/-animals [40] . In addition, a high-molecular-weight IgA rheumatoid factor-containing IC, which can activate the alternative pathway, has been reported in children with polyarticular disease [52] as well as in adults with RA [53, 54] . Finally, it is important to emphasize that the alternative pathway always acts as an efficient amplification loop through the classical or lectin pathways [39] .
To further investigate the influence of the complement system systemic alterations in RA patients, the chemotaxic activity of normal neutrophils incubated with RAHS or NHS was examined. The incubation of zymosan with NHS or RAHS generated sufficient complement-derived chemoattractant factors to increase neutrophil migration in the Boyden chamber membrane. When cells were incubated with NHS only; i.e., without the complement activator (zymosan), normal neutrophils did not display increased migration, whereas enhanced migration was observed when cells were incubated with RAHS without zymosan, (Fig. 6) . These results indicate that RAHS contains chemoattractant factors even before zymosan activation occurs, corroborating the idea of systemic complement system activation in active RA patients. In order to confirm this finding, C5a concentration in patients' and control serum samples was analyzed. The C5a concentration in active RA patients was higher, as compared to healthy individuals, contrary to what was observed in the case of inactive RA patients (Fig. 7) . These results confirm that complement system activation takes place in active RA patients' systemic circulation. Furthermore, C5a is a potent promoter of inflammation, having strong chemotaxic properties, in particular for neutrophils.
In summary, the present work has demonstrated systemic complement system alternative pathway activation in active RA patients, which has implications for the peripheral neutrophils effector functions.
CONCLUSIONS
In conclusion, the results of the present study indicated that several abnormalities of the complement system exist at the systemic level, namely impaired membrane receptor cooperation, alternative pathway activation, and presence of pre-existing chemoattractant factors in the serum. Together,
